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(57) Abstract: Lighting systems comprising a spectrum former upstream from a reflective pixelated spatial Hght modulator (reflec- 
tive SLM), the SLM reflecting substantially all of the light in the spectrum into at least two different hght paths, that do not reflect 
back to the Jight source or the spectrum former. At least one of the light paths acts as a projection light path and transmits desired 
hght out of the lighting system. The lighting systems provide virtually any desired colons) and intensity(s) of hght, and avoid over- 
heating problems by deflecting unwanted light and other electromagnetic radiation out of the system or to a heat management syste. 
The systems can be part of another system, a Juminaire, or any other suitable hght source. The systems can provide virtually any 
desired light, from the light seen at the break of morning to specialized light for treating cancer or psoriasis, and may change color 
and intensity at speeds that are perceptually instantaneous. 
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APPARATUS AND METHODS RELATING TO 
WAVELENGTH CONDITIONING OF ILLUMINATION 



CROSS-REFERENCE TO RELATED APPLICATIONS 

[1] The present application claims priority from United States provisional 
5 patent application No. 60/265,991, filed February 2, 2001, and from United States 
provisional patent application No. 60/31 0,940, filed August 7, 2001 . 

BACKGROUND 

PI Light bulbs usually provide light that includes all the colors in the rainbow: 
violet, blue, green, yellow, orange, and : red. When all of these colors are present, 

10 the* light is kriown ; as "whfte light." the rainbow, which is the separated colors, is 
known as a spectrum: Different kinds of ^fl^ht^lbs'-p^ffcie- dfffeiBnt'^^ntiH^''of 
the Various' colors, which means, for example, that some lig^t bulbs provide more 
red light than blue light, while other light bulbs provide more green light than 
orarige light. In additiOri, most light bulbs also provide light that is not visible to 

15 the naked eye, such as ultravfoiettuV) light and infrared (I R) light. 
[3] ' TOe differeh^ 

and range in the visible Spectrum frc«fh violet or blue light having a wavelength of 
about 400 nm to red light having a wavelehgth of about 700 nm; UV light is 



typically between about 300 nm to 400 nm, and IR light is typically from about 700 
20 nmto 1000 nm. 

* ;[4jte 1 For a'Mohg nifne; people ' tevei wanted to select specffie wavelengths 



so<mafftJ|66ks like>the middle of a bright summer day in Mexico City or a cool fall 
-evening with a beautiful sunset in Anchorage, Alaska, for diagnosing or treating 
25 disease; fbrrn the chemicai orphysical properties of an 

bbject^or for iriitiatihg a physical or (^emic^P change iri an object Or Wmp^uhd or 

• ; 'brganism.^ •>^'--' '• ■ •■■:a>-=;. f <«i-'-> ••>■.'.« ■' ■ ' 

*'^*el#ldy^ technicians that'-use very 

30 expensivSU^fecft^^ 

and the like. The intense heat generated by the lights, however, reaches oven- 




Jrtsi strch as for lighting a mbvfe*§eene 
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like temperatures and can took film; filters, and lighting elements. Other 
situations likewise employ expensive personnel and apparatus. 
[6] In some previous attempts to deal with these problems, a spectrum 
former, such as a prism^has been placed inifforit of the light bulb to s 
5 light beam into its respective wavelengths, then a transmissive pbcelated spatial 
light modulator has been placedi in the spectrum. A pbcelated spatial light 
modulator is typically a square or rectangular device (although other shapes are 
possible) that contains a large number of tiny pixels and can be turned on or off at 
will. Turning a line of pixels "on" while turning all others "off permits the spatial 

1 0 light modulator to pick a specific color of j light; more cpmplex on/off patterns can 
pick more complex wavelength and inte^ However, these prior 

attempts have been problematic because the pixelated spatial light modulators 
have either absorbed the undesired light or reflected it back to the original, light 
souriceor spectrum former, ^either ease* the heat frorrj the undesired light is not 

15 dissipated and serious problems m^ 

[7] Thus, there has gone unmet; a need for lighting systems and luminaires 
that provide selected light wavel^ng|tis and intensities but that do not : overheat, 
and that can > also rapidly switch between^^ d selected wavelengths or 

intensities, including h^hly c^ The 

20 present invention provides these and mother ad\(antag^s. 

SUMMARY 

cpnteinirigi-QrjIy a 

cerfcin colons) pr "spe<2tral output," which^means a 

25. - fJ p$i$jcnjlar vy^ wellfas^the 
intensities, which means a Wavelength -dependent intensityicHstribiJtipni"; .can be ; 
combined , a as-desir^ 

problems and can be part of other systems or stand alone units ( sueh^ as 
t lurninQirest (for e>canriple^ thQ higffe^i^ut ; lighting units used . t<> ? iilunntnate moyie 
3Q -^sceji^^ f T^e ^ysterjis rpan 

0 ;Brovidj5 f any Qea^JB^ 
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o[9] The 'lighting systems are a low cost, effective approach ito providing 
carefully controlled light for a variety of purposes such as medicine, movies, 
theater, photography, and sports; For example, the light can be selected to 
substantially mimic light such as high noon in New York City, or the light 
5 necessary to diagnose or treat cancer. Additionally, the lighting can be rapidly 
switched from one desired scenario to another without moving major parts of the 
system. 

[10] The lighting systems typically comprise a spectrum former upstream from 
a ^ reflective pixelated Spatial light modulator (SLM). The spectrum former accepts 
10 a light Deam from a light source and turns ft a spectrum, and the spectrum is 
then- transmitted to the SLM, such as a digital micromirror device (DMD): The 
it SLM reflects substantially all of the light impinging on the SLM into at; least two 
different light paths that do not reflect back to the light source or the spectrum 
former. At least one of the light paths acts as a projection light path andifransmrts 
15 desired light out of the lighting system or luminairer The other, light pathi e^ 
; as a*reposHory for the reflected energy, an altemate projection' light path, and/or a 
detectidrit light path wherein a detector measures the light reflected from: the 
pixeiated SLM to determine whether the light has the desired wavelength and 
: Intensity characteristics.' Berause m 
20 sY^ 

contains me^ 

•^baefrandjfe^ 

f*«e^ fight modulators can 'be; provided in one 

25sriiirt*he lW av^ 

The pixeiated SLM may be operably connected to a ^nfrollet, which 
: '<fchtroller conte 

pattern of the pixels in the pixelatedJSLMl? The^ritroller ^n>De=toeMecNrt any 
^'d*siie$ the««ystem; ^example- the controller;can be 

30y*eWer;WitW^^ of it'can be Ibcated remotely, connected 

^byiia'wJre]dcel»ular link or'radio link-forthe rest of the system. If desired; the 

eedmpute^ra'plurality of unlinked computers, corriputerichips>separat -from a full 
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computer rbr other suitable controller devices/ can also contain one or more 
romputewmplemented programs that provide specific lighting\chararferistit», Ae. f 



5 natural lighting-sitoations, such: as afternoon ? at a -particular longitude, latitude, 
time of -day^andb cloudiness, or a specifid light for disease diagnosis or treatment, 
or to invoke disease treatment (for example by activating a drug injected ; into a 
tumor in an inactive form), or other particular situations; 

[12] In one aspect, the present invention provides a lighting system that 
10 •: provides alvariable selected spectral oi^ 

intensity distribution; The^ lighting system comprising a light path that comprises: 
a>a spe(^m former able to provide a* speetmm from 
i ntheq light) path; and j b)i a reflective^ pixelated: spatiaH light modulator located 
rdo^streamrfmm;and optically connected* to the spectrum former^ theti?eflective 
15 pixelated spatialrlight modulator reflet 
; i^^^ecpixelated ; s^ 

, \ light beam between at ? least first rand second reflected light pathsrthat do not 
• : Tefl^tu^bapk ,. tojiha spectrum; lormer. T^e reflective pixelated spatial light 

2%rftligfofedft^ 

b viCo^ in 
eee ligb^ 

25 at least onejof the second reflected light* path rand another reflected: light path* that 
■v-ysr dpes^not cefledtvback ftpr * desiredias^ment offi light 

cprisisti^ 



M filteis^&is^ fl^e* system m^ 



specific desired, selected spectral outputs and -wavelength dependent intensities, 
corresponding to known light sources such as commercial Hght sources, specific 





^optical 
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the spectrum former rand the reflective pixelated spatial light modulator, an 
enhancing optical element that provides a substantially enhanced image of the 
spectrum from the spei^m former to the reflec^e pixelated spatial light 
modulator^ The reflective pixelated spatial light modulator can be a first reflective 
5 pixelated spatial light modulator, and the desired segment of light can be directed 
te a second reflective pixelated spatial light modulator operably connected to the 
same controller or another controller containing computer-implemented 
programming that controls an on/off pattern of pixels in the second reflective 
pixelated spatial light modulator to reflect the desired segment or other segment 
10 of light in one direction arid reflect other light fh the spedrum in at least one other 
direction. The system can further comprise an optical projection device located 
downstreams light modulator to project 

lightbiiit of the lighting system 

: |t4] ^ The desired segment of light can be selected to substantially mimic a 
15 specrtral output art 

M a to a light emissive image 

• display device; relight candlelight, sunlight or other desired natural ambient 

lighting sceriarios^i the output energy for disease treatment, photodynamic 

therapy; o^ disuse diagnosis/ or to enhance contrast for detection or 
2© di^riririatipn 

1*5} ■ In 1 another aspect, the present invention provides a stand alone luminaire 

ai^wavelen^ depended 

2S^^dtwiw^arii^to ^tirra^ 

^froinrv the light sciurcei c) aw enhancing " bj^cal derrierit connected^ to and 
downstream from the spectaim former that provides an erihahced ifriage of the 
spectrum; d) a reflect^e pixelated spatial light modulator located i downstream 
Ifrom^and iopticaliyi cbnnerted^^ the^ reflective pixelated 

30 >spatraklighfcmod^ 
■ m h pixel£fe(fc^^ 

rofle^ed? light paths^that db not^eefcback torv^^ the 
reflective? pixelat^l spdtiar light modulator can be operably conn 
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one controller containing computer-implemented programming that cpntrols an 
on/off pattern of pixels in th reflective pixelated spatial light modulator to reflect a 
desired segment of light in the spectrum in first reflected light path and reflect 
other light in the spectrum to at least one of the second reflected light path and 
5 another reflected light path that does not reflect back to the spectrum former, the 
desired segment of light consisting essentially of; a desired selected spectral 
output and a desired wavelength dependent intensity distribution; and, e) a 
projection system optically connected to and downstream from the reflective 
pixelated spatial light modulator in the first direction, wherein the projection 

10 system projects the desired segment as a directed light beam to illuminate the 
scene. v^-v- . 

[16] The luminaire ran further comprise a dete^ optically connected to and 
downstream from the reflective pixelated spatial light modulator, the detector also 
operably connected to ; a <OTn1roller containing computer-implemented 

15 programming able to determine from the- dete^ desired segment 

v contains a desi red selected -spettral output and:. a d esired wavelength dependent 
intensity distributipni and adjust the on/off pattern, of pixels in the reflective 
pixelated spatial light modulator to improve the correspondence between the 
desired segment and the desired selected spectral output and the desired 

20 wavelength dependent intensity distribution: Thedu^ 

heat removal element operably connected to the light source to remove undesired 
n ^energy emitted:frorn the*light source toward at least one of the reflective pixelated 
spatial light modulator, the enhancing optical element, ancfe the spectrum former, 
b ^The Ujminai^ and-lighting systems^ as well as methods* kits; and tl^ like related 

25 tovthem, can; further comprise.various elements that may be specifically discussed 
ifo^only one or the other^for example, th^ 
for use with the lightings system).,. 

[5t7] Ther heat removal element can be located between the spectrum former 
i ; and the first reflective spatial lightrmodulator, between the lamp* and the^ spectrum 
30 former, on elsewhere as; desired^ , The reat removal element can; comprise a 
dichroic OTihnor^xt The dichroic .mirror can transmits desired wavelengths and 
reflects undesired wavelengths, or^vicierversa; . (Phe^unde&lrediOTe^ 
^difetfedyt^ 
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The heat removal element can be an optical cell containing a liquid that absorbs 
undesired wavelengths and transmits desired wavelengths. The liquid can be 
substantially water and can flow through the optical cell via an inlet port and outlet 
port in a recirculating path between the optical cell and a reservoir. The 
5 recirculating path and the reservoir can comprise a cooling device, which can be a 
refrigeration unit, a thermo-electric cooler, or a heat exchanger. 
[18] The luminaire further can comprise a spectral recombiner optically 
connected to and located downstream from the pixelated spatial light modulator, 
which can comprise a prism, a Lambertian optical diffusing element, a directional 

10 light diffuser such as a holographic optical diffusing element, a lenslet array, or a 
rectangular light pipe. In one embodiment, the spectral recombiner can comprise 
an operable combination of a light; pipe and at least one of a lenslet array arid a 
holographic optical diffusing element. The detector can be located in the at least 
one other direction; and can; comprise at least one of a CCD, a CID, a CMOS, 

15 and a photodiode- array. The high output light source, the spectrum former, the 
enhancing optical element that ' provides an enhanced image, the? reflective 
pixelated spatial light modulator, and the projection system, can all be located in a 
single housing, or fewer or more elements can be located in a single housing. 
h fi9] In a further-aspect, the present invention provides methods of lighting a 

20 • scene comprising:, a) directing a light ? beam: along ; a> light path -and; through a 
> spectrumpformer to prbvjd©a spectrum from the light beam travelirig5-b)treflectlng 
M5the>speetrum 

i^nnectednto^at 4tea^one> controller containing computer-implemented 
• programming mat controlsiahi on/bffiipattern of pixels in the reflective' pixelated 
25 ^spatial ^htim desired 
■ ^segment of lighten the spec^ 
to ther spectruriv former and reflecting substantially alt other light in the spectrum 
wimpingihg oW the reflective pixelated; spatiaHight modulator in at least one second 
reflectedilight/path mateeanB<be;noteback;to the spectrum former, to provide a 
30 u modified light beam consisting essentially of a selected spectral output and a 
' i-setected wavetengthcdependeht intensity distribution. 
P0] The methods further cah c^pri 

source located in a same housing as and upstream from the spectrum former. 
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The methods further can compris switching the modified light beam between the 
first reflected light path and the second reflected light path. The methods further 
can comprise passing the light beam by an enhancing optical element between 
the spectrum former and the reflective pixelated spatial light modulator to provide 
5 a substantially enhanced image of the spectrum from the spectrum former to the 
reflective pixelated spatial light modulator. The reflective pixelated spatial light 
modulator can be a first reflective pixelated spatial light modulator, and the 
methods further can comprise reflecting the modified light beam off a second 
reflective pixelated spatial light modulator pperably connected to at least one 
10 controller containing computer-implemented programming that controls an on/off 
pattern of pixels in the second reflective pixelated spatial light modulator to reflect 
the desired segment of light in one direction and reflect other light in the spectrum 
in at least one other direction. 

[21] The methods further can comprise passing the modified? light beam by an 
15r optical projection device located downstream from at least one of the first 
reflective) pixelated spatial light modulator and the second reflective pixelated 
spatial light modulator^ 

[22] The methods of lighting a scenercan also comprise: a) directing a light 
beam alpng^ta light path vand through a spectrum former to provide a spectrum 
20 frorn the light beam traveling; and; bypassing th^spectrumtyia a* pixelated spatial 

k fojme% the pixelated; spatialrlight modulator ^operably connected to at: least one 
controller containing computeMmplemented programming that controls an ton/off 
boiipattem otpbcelscin the pixelated spatiaMight modulator; wherein the on/off pattern 
25 - can be set to pass a desired segment of light in ihe spectrum in one direction and 
inteniipt other light in the^s pixelated spatial light 

modulator, tor provide a modified light beam^consisting essentially of a selected 
spectral output andt a selected wavelength dependent intensity distribution, and 
: wherein the methods does no* comprise passing the] spectrum by an enhancing 
30 optical element between the sp^^m fomier andcthe pixelated spatiaMight 
modulator that provides an enhaneecbimage of the spectmm from the spectrum 
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[23] In still other aspects, the present invention provides methods of emitting 
modified light consisting essentially of a desired selected spectral output and a 
desired wavelength dependent intensity distribution from a stand alone luminaire. 
The methods can comprise: a) emitting light from a high output light source 
5 located in a housing of the luminaire; b) passing the fight by a spectrum former 
optically connected to and downstream from the light source to provide a 
spectrum from a light beam emitted from the light source; c) passing the spectrum 
by an enhancing optical element connected to and downstream from the 
spectrum former to provide an enhanced image of the spectrum; d) reflecting the 
10 spectrum off a reflective pixelated spatial light modulator that can be operably 
connected to at least one controller containing computer-implemented 
programming that controls an on/off pattern of pixels in the reflective pikelated 
spatial light modulator, wherein the reflecting can comprise reflecting a desired 
segment of light in the spectrum in a first reflected light path that can be not back 
1 5 to the spectrum former and reflecting substantially all other light in the spectrum 
impinging on the reflective pixelated spatial light modulator in at least one second 
reflected! light path that can be not back to the spectmrh former, ta provide a 
modified light beam consisting essentially- of a selected spectral output and a 
selected wavelength dependent intensity distribution; and, e) passing the modified 
20 light beam by a projection system optically connected to and downstream from 
the reflective pixelated spatial light modulator in the first directioni wherein-the 
/i cppajegfl^ the modified Jight beam from thQ luminaire as a 

directed light beam. v 
oi rIMIe r^^he^rnet^^jcan further comprise reflecting the desired segment of light 
25 to a detector optically connected^© and downstream from^the^reflectiva pbcelated 
^spatial light modulator, th^ second- reflected light path or 

otherwise as desired and operably conniected to the contrplleri wherein the 
cq^ to determine^ from 

the detector whether ttie desired segm^ 
30 ^Mtput^nd th^desired vrayelength ? dependent intensrtydistributjon, and therefrom 
determining whether the first segment ^contains the^des|r^:^sel^ed spectral^ 
output and the desired wavelength dependent intensity distribution. The methods 
can comprise adjusting the on/off pattern of pixels in the reflective pixelated 
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spatial light modulator to improve the eorrespondenee between the desired 
segment and the desired selected spectral output and the desired wavelength 
dependent intensity distribution. 

[25] The methods can also comprise • removing undesiredi energy emitted from 
5 the light source toward at least one of the reflective pixelated spatial light 
modulator, the enhancing optical element --and the spectrum former, the removing 
effected via a heat removal element operably connected to the light source. The 
methods further can comprise a spectral recombiner optically connected to and 
located downstream ^ 

10 [26] These and other aspects; features and embodiments are set forth within 
this application, including -the following Detailed Description and attached 
drawings. The present Invention comprises a variety of aspects, features, and 
embodiments; such multiple aspects, features and embodiments can be 
combined and permuted in any desired manner. In addition, various references 

15 are set forth herein, ihduding ^ ; 
that discuss certain; apparatus, systems, methods* or other information;^ all such 
references are incorporated herein by reference in their entirety and for all their 
teachings and disclosures, regardless of where the references may appear in this 
application. - ^ v • - - •• 

20 BRIEF^ESjSRIPTI^ 

3g27J%--> FigurS *i TprdVides^a^sche^ati^epietion of a lighting system according to 
an embodiment comprising a single pixelated SLM. 
uHflSSqjc fiigufe 2 provides a schematic "depiction of a lighting system according to 
^ft>^m .'■ 
25 [29] = Figure 3^ 

an embodiment comprising t^ l 
[30J Figure 4 is a schematic re 

pbcel^^ SM^, h^t mariagem^W * " ^ 

[3't] Rgute 5 is a gra 
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DETAILED DESCRIPTION 

[32J The present invention comprises lighting systems comprising a spectrum 
former upstream from a reflective pixelated spatial light modulator (SLM), the 
SLM reflecting substantially all of the light in the spectrum into at least two 
5 different light paths, none of which reflect back to the light source or the spectrum 
former. At least one of the light paths acts as a projection light path and transmits 
desired light out of the lighting system. The lighting systems provide virtually any 
desired colons) and intensity(s) of light, and avoid overheating problems by 
deflecting unwanted light and other electromagnetic radiation — and therefore 

10 unwanted heat - out of the system or to a heat management system Thus, the 
heat is removed from the optical elements of the system. The systems ran be 
part of another system, a luminaire, or any other suitable light source; The 
systems^can prc^de virtually any desired lights the light seen at the break of 
morning to specialized light for treating cancer or psoriasis, and may change color 

15 and intensity at speeds that are perceptually instantaneous, for example in less 
than a millisecond. 

[33] Turning to some general information about light, the energy distribution of 
light is whatidetermin^ithe nature of its interaction with an object, compound or 
organism. A common way to determine the energy distribution of light is to 
20 measur^th%amount on intensity of light at various wavelengths! to determine the 
enecgyt distribution or specbtim of the light To make light from a light source 
iM^lwf f©r<^ ^rtiajlaFipiiipDseh be conditioned ^remove undesirable 
^ky^v^s^^-- oc ^intensitteSij^oi^ to enhance the relative amount of desirable 
wavelengths or intensities of light. 
25 y[34fa:^;A : highisignal tfe noise ratio and; high out of ^band rejeeOon enhances the 
■■, simulation of r theL spectol - <*aracteristies of different -Jighfrsources or lighting 
•^environments; .and alsc^enhanpes fluorescence excitation^spectroscbpy or clinical 
freatmente such asiphotodynamic therapy. ^ 

[35] v mie*systems£a^ comprising the 

30 ^systen^o*;^ the systems or methods, provide the 

- .abilityjte selectively ancMvari^biyi decide whi a 
s'»9ht sounrort^ system; and how strong each of the 

wavelengths^!! >be^ The wavelengthsicanr be? a single wavelength, a single band 
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of wavelengths, a group of wavelengths/wavelength bands, or all the wavelengths 
in a light beam. If the light comprises a group of wavelengths/wavelengths bands, 
the group can be elthfer continuous or discontinuous. The wavelengths can be 
attenuated so that the relative level of one wavelength to another can be 
5 increased or decreased (ag. , decreasing the intensity of one wavelength among 
a group of wavelengths effectively increases the other wavelengths relative to the 
decreased wavelength). This is highly advantageous because such fine control of 
spectral output and wavelength dependant intensity distribution permits a single 
lighting system to provide highly specialized light such as light for diagnosing or 

10 treating disease or activating drugs, as well the ability to substantially mimic 
desirable lighting conditions such as a known lamp, a cathode ray tube image 
display device, alight emissive image, display device, a desired natural ambient 
lighting^ scenario such as light iat a^ specific longitude, latitude and weather 
V cond ition , firel ight, candlel ight* or sunlight*- or mother sou reesdf optical' rad iation . 

15 * ;-• <'-y ■ ■ . -v , . ,. 

[36] Definitions. 

[37J' The following paragraphs provide definitions of some of the terms used 
' hereim AH terms used herein, including those specifically described below in this 
sekSticmKare usid in accordance with >their ordinary meanings unless thecontext 
20 or? definition indicatesv otherwise. Also; unless indicated otherwise, ^ccep#withih ^ 
i &ie claims, the us0 t>f -0r^ includes "and" and vice^versa. NohMimitihg terms are 
: i&n®t?te b^ "including" 
vJ i^a«d^"c^mi^in^ m^h "including^without limitation" unless expressly- stated 
otherwise). i^-: 
25 ti |381>' A "controllers a device that Is capable of controllihg a spatial light 
- .•: r j : ' modulator, a ^d&tector br other elements of the apparatus and methods herein^ A 
^controller? containso or is linked to cx>mputer-implemented ^programming. 
Typically, a controller comprises one or - ffiore\ computers of other devices 
: i comprising a centraUproc^ to perform 

30 r certain functions :* or actions; such ^as } theiton/bff pattern of the pixels in the 
pbcelated Sb^ the c^off status of pbcels of a p^ a 
v.n charge*cqupl0d d€^ce ; (GC^^^ compile 
■^d^ makeor reconstruct 
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images or as feedback to control an upstream spatial light modulator. At computer 
comprises an electronic device that can store coded data, and can be. set or 
programmed to perform mathematical or logical operations at high speed. 
Controllers are Awell^to^wn in the art and selection of a desirable controller for a 
5 particular aspect of the present inventi in view of 

the present disclosure. 

[39J A "spatial light modulator" (SLM) is a device that is able to selectively 
mcduJate light The present invention comprises one or more spatial light 
modulators disposed: in the light path of an illumination system. A pbcelated 

10 spatial light modulator comprises an array of individual pixels^ which are a plurality 
of spots that have light passing chara that they transmit, reflect or 

otherwise.send light ,albng avllgbt path, or instead btock the light and prevent it or 
interrupt it from continuing along the light path. Such pbcelated arrays are well 
known in the art, having al^ muffiple pattern aperturefan^y, 

15 and can ube formed by an array of ferroelectric , liquid crystal devices^ 
elecfrophoretic displays^ 

5*587,832;; U.S. Patent No. ,5,1 21 ,239; R Vuelleumier^ Novel ElectrprReqhanical 
Microshutter Display Device, Proc. Eurodisplay '84, , Display Research Conference 
September 1984* . /. ;\ 

20 ;[4PJi i v A^ectjve pbcelated SLM comprises an aray^ 

i P: thafcare ; swjftch reflection. One example 

nG$$e£ Micn^lg^^ ,p>I^^n, be -obtained from 

ao/ ^^Jn^men^ the^mirrors 
25 have three states*: Mia^aiA^ s*ate^§ r miTO^ 

; anray, reflecting ortoogonal light straight back from { ^e.array^ In ene energized 
state, or ^ ^10" stated the rpiTO a 
second; energized-state, or^>+10v state, the 

a PN?%^^©r#nra^ , V^N 
3Q h « rrpp^js ^retfed^ into f ^ p^je^p flight patlj. ^h^^^npr is in the W 
&% &0mMt^ Off can be 

e-: s^ert^ tp ^jT^ppn offccan be 

4 ^tectec^o^ light directed 
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away from th pnojectfon light pi^ 

purpose (in other words, the DMD can simultaneously or serially provide two or 
more useful light paths). The pattern in the DMD can be configured to produce 
two or rrore specfral and intensity distributfons sinritiltenfeously or serially; and 
5 different portion^ 6f the DMD ran be used to project or image ialong two or more 
different projection light paths. 
. [41] An "illumination light path" te path from a light source to a target 

or scene, while a "detection light path" is the light path for light emanating to a 
detector; The light includes ultraviolet (UV) light, blue light, visible light near- 
10 infrared (NIR) light and infrared (IR) light; - ; 

[42] "Upstream" and Mdwnstream" are used in their traditidhsil senise wherein 
; upstfeam ihdicates th3t a given deviwtis ^closer to a light v^urcev while 
downstreiam in^ic^ites that a given object is farther away from a light source. 
; [43]^ - T^ function 
1 5 and step plus function dbhdepte. However, the terms set Ibrth in this afpplication 
:are hot to be interpreted in thd daims as indicating^a ; "meaWs^plus func^ 
rdli^ wortf *means" is specifically recited in a claim, and are to 

; be infe^reted in ! the claims as indicating a "fhean6 e plus function" relationship 
where the word "means" is specifically recited in a claim. Sirhilart^ tWs terms set 
20 daimfc as 

indi&atir% a ^st^ptas functfo^ is specififcally 

- re&t3d tri4h&&laiffi£?£^^ MtHeffcli^ 
1 ?^IOs'fliHeftoh^ relatioi^fflj!) whfei#l!Hew^^ 
n&$fj$q&fp dtMer temis Mb phrafedS in thfe^applie^tibn afe d(bfihed lh^ accordance 
25 * ^ 

^p5] H Turning to th&1^ *2 
that prd^ arid a variable, 

; select^^^ler^^^ 

r at^^ and ernife a Jjght bfem^f8<thi^ds^^l^ an 

3(f h erihai^ri§ d^^l^rn^H^B comprising 
MM thg^bodir^ 

'lento th^^ can be 

■ erhployefd; ; such 1 '^ fenseS; j Hiffrors, filters; for" the forming, mixing, ihiSging, 
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cbllimating or other s Thus, the. light is 

passed by the enhancfrig optical element 6 either by transmitting the light or by 
reflecting the^light or Otherwise by acting upon the light. If desired, detectors* heat 
management systems and other desired elements can also be provided in the 
5 prir^ry> projection connected by mirrors, lenses or other optical 

OTmpohentsi: However, W is an advantage of the present system that such 
compbnenfe need not be placed in the primary light path unless specifically 
desired, thereby reducing the noise and interference introduced by the additional 
components^ ^ ; 

10^ [46J Light? beam 18 continues ^ to spectrum former 12. 

^ Spectrum lorroer 

f > b^ a prism, either planar or 

curvedv ?a diffraction grating? such as a refle^e diffraction grating or a 
tfansmi^sion diffinac^on grating; an optica 
15 wavelengt^tilte^ vravelengthtfilter; or a tmosaictbptfcal f 

filters Mlheart^variable vraveleh 

tismt Js transmitted vari^across the facer of the filter, such as filters* made by 
OCLI, a JDS Uniphase :<X)mpariy^where the wavelength ofctransmission varies in 
■v aa^ntirwous^rrianher^ th&tflter 
2G^te?#reii^er^ 

^Ift/^ 12,pit continues 

albn^e jlrghtcpatltea^ light (is deplete* at tha tower 

>retfge&« ^(Miim*t%\^^^ the upper ed^eiof spectrum 

25^ ^ c 

*fcle^p^^ 

30<$F|©^ dispos©* sofas *) hot reflecb light 

fe^i&^^oWa^ehher the^ecb^fetmen^ W the^ligh*sdurce4; aPdr example, the 
oi ^htticaf** j^fteeBve^i lightopatf* 15-rd^intthfe^bodiment 

^Q%hfe^^ift ^ mits ^provides v ar significant vantage 
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because ft dissipates heat ahdiother 

heat from undesired wav lengths in the spectram, heat ^from additional 
electromagnetic radiation outside of the spectw If 
> desired; the spectrum can be .siBlqcted^ftom^arnong; electromagnetic radiation 
5 outside of the visible light range, although typirally the^tecto 

will be selected from among wavelengths that are in orrnean the vis|We light range 
(usually ranging from UV light to IR light). The reflective pixelated SLM 16 can be 
switched from one light path to another as desired: 

[48] Reflective pixelated SLM 16 is located downsfream from and is optically 
10 connetfed to spec^ reflectivai pixelated Sfcjyi 16 

: h ! receives a substantiakportton of ft^ to 
at* on it to provide a desired^segmenfc^ 
"■■> and wavelength intensities. ^Bius* the Reflective pixelated SLM; reflects 
j substantially all light impinging, onrifc ;^ Accordingly, reflect ^pixelated(<SLM 1 6 
1 5 provides a desired segment 30 comprising^^ spectrally; sdeeted light s beam; 

©esired segment 30 then passes by a light prpjection optic^t system as 
■■■••■i depictechin FIG; 1 comprises a lensl? 24 andpspatiahm^^ 28 and a 

pmjectioplens prpF^ 
v !i|4^ V> The secondi or morei lightipaths <»rr se 
20ie)toipr^de£attertt^ 
vrfi sampling !6f eithertthefundesired 4ighteor ^e^desiredglight^can :b^t0bteinecfcv(the 

l^&aifolysisjcthe^ - LAs depicted fat the 

25 luminaire in FIG. 4, SLM 16 is operably conne^te^o^leasfeoner^rto 
that contains (x>mputeMmplemerrtedvprpgram 
of the pixels. The pattern i^setto ^e^ the^esii^ segment,^ 

r a, ua&i^ to *i©fte$ subste^ the 

30@ispe^ito^ 

-ni ft^ieonsi^^ outpirtfeandea; desired 

K^rpayelengthidependant intensit^istnbutron^ Jlratd£si^ to 
rs inctud^ of inoised Kghfeicomb^ 
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inadequacies in the system such as background noise, or from malfunctions in 
the system. 

[50] FIG. 2 seh matically depicts a lighting system 2 according to another 
embodiment. Light source 4 emits light beam 18 that passes by spectrum former 
5 12 to provide a spectrum 13. In the embodiment in FIG. 2, the system does not 
comprise any enhancing optical elements) such as lenses, mirrors and the like 
between either the spectrum forrner and the reflective pixelated' SLM, or between 
the light source and the spectrum former. Enhancing optical elements such as 
lenses, mirrors, and the like, provide a substantially enhanced image of the 
10 spectrum to the reflective pixelated SLM,' which means that the spectrum has hot 
been focused or otherwise substantially improved by optical elements. In FIG. 2, 
spectrum 13 is reflected off reflective pixelated SLM 16 to provide desired 
segment 30; then passes by collimating optics 14 arid reflects off a second 
reflective pixelated SLM 20. Second reflective pixelated SLM 20 can be set to 
1 5 have an on/off 'pattern substantially similar or identical to the pattern in the first 
reflective pixelated SLM 16, or otherwise as desired. Although the additional 
reflection and additional optical elements that may be employed may attenuate 
the overall power of the light beam, the non^desired light is significantly greater 
attenuated, and thus a very high resolution, high contrast; spectrally selected 
20 beam 324s provided. This beam can menvprojeeted out to<a target 34; 
[51] FIG.- 3 is similar to FIG. 2 except>toateer^ 
©the^enhancirig-optiea^elements'such aSelernents6;'8> 10^ 14>are disposed in 
lightbeafri 1 8' and spgctrum 13, andlhe^syStem fuWhe^comprises spatial mixing 
opties*28 thafcact as^ah'bptical projection device td'project lightout of the lighting 
2& system as a directed light bearri. n 

[52] FIG. 4 schematically depicts a stand-alone luminaire 40. A stand-alone 
luminaire is a lighting device tha¥ is rnbbile and portable, and typically printable. 
^Iri some embodiments;' ^ 
beam from the luminaire can be pointed in' different ^dife^ons without frtovihg the 
30 - -hbus^ 

1 larger 'G&^-ieimBtiip&Wtetm a llghtsource iri a rriovie projector, butyls rather 
a s^nd^tohe light source such as aSpotiightsflashlfght ©pother independent light 
source. The= stand-alone luminaire is size#fo ! project light onto a scene and thus 
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comprises a high output light source, which indicates a light source^of greater size 
and intensity (and, therefore, typically greater heat), than a light source fljjat would 
be ; used in a small scientific instrument such as a spectrometer or 
spectroradiometer. 

5 [53] In FIG. 4, light source 4 emits light that passes by a focusing lens 8, 
through an aperture 42 and by collimating lens 10. Light beam 18 then impinges 
on a heat management system 50. In the embodiment shown, heat management 
system 50 comprises a heat trap 48 and a beam splitter 46 that eliminates 
unwanted energy from light beam 18. Heat management systems can be located 

10 ip other desired locations in the luminaire (aScWith the lighting systems discussed 
elsewhere herein), for example in one direction or another of the reflected light 
paths emanating from the reflective SLM 16. Thus, heat management sy^ero 50 
removes undesired energy emitted fern /the light source toward at least one of 
reflective pixelated SLM 16, the enhancing optical element 6, and spectrum 

15 former 12^:1^ 

be designed such^that the dk^roic^ mirror transmit desired wavelengths and 
reflects ^undesired wavelengths or vicerversa. The heat trafx 48 can r b^ any 
suitable heat Arap; such as an energy absorbing surface; preferably one thermaliy 
conne^edjtp thermally conduct thei heat to a radiator, or an optical celt <»ntaining 
20 a liquid that absorbs undesi^di^avelengthiM 

sucbuas; ^ the heat trap 48 comprises ant optical 

: eel^ the* opjjcal cell can also cqmprise an inlet pqrt andean' outi^pqrt so ^ 
: ^liquidiisp b^#irovi^^andr if d©?JiBdi1^e4iquW rerdrculating^path 

^fe#^ervftgHDpti^ 
25 can further comprise a cooling device such as a refrigeration unit a . thermal 
electric cooler and a heat exchanger. j> ; v . ^ 
[54] wtln riFIG^i, The. cpll|nriated light passing the heat trap is directed to 



eu 4h^^oc^e^^ beam into a spread spectrum 54 on r the 
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surface of SLM 16. Spread spectrum 54 then reflects off reflective pixelated SLM 
16 in either,a: first direction 56 or in a second direction 58. Reflective pixelated 
SLM 16 is operably connected to a controller 44. Additional directions or light 
paths can be provided if desired. In second direction 58, the light is directed to a 
5 spectral measuring device 60. Such spectral measuring devices are well known 
in the art and can comprise, for example, spectrometers, spectroradiometers, 
charge coupled devices (CCDs), charge injection devices (GIDs), a 
complementary metal-oxide semi-conductors (CMOSs), photodiode arrays, or any 
othen desired spectral measuring devices. As discussed elsewhere, the spectral 
10 measuring device 60 provides analysis and determination whether either desired 
segment or any other portion of the spectrum 54 comprises the desired 
wayelength(s) and intensity(s). 

[55] Spectrally selected beam 68; which comprises the desired segment of 
light, passes to a light mixing system 62, which in this embodiment shown 

15 comprises a spectral recombiner comprising a directional diffuser, such as a 
holographic optical diffuser 64 and a light pipe 66; The spectrally selected beam 
68 then passes by a projection system 72 suitable for projecting the} light to a 
scene: a passageway 74 in a single housing 70 

tthat contains the elements of; luminaire 40. typically, the housing contains at 

20 leasfetha light source 4, the spectrum former 1 2, at least a portion oMie heat • 
managementcsystenrv 50, the reflective pixelated SLM 16 v and jthe various optical 

elementstfor^ controller 44 {which^may be a>eomputer chip). 

t3fcT?h©s^ bevmade of several pieces* and it can 

2&i Kal^ ibe jbinte^slitted j or otherwise modified to >suit particular needs. Although a 
sirtgte housing ^need not be unitary, it is comprised of physically connected 
elementsisoithatiitnra^ and carried by a person or other user as a 

. single unit. ^h-:) . : , 

fc|56Jq^ m\©< 5 graphically depictsi an example where apparatus^ and; methods as 
3fr; -tf^ to proNrtde no ispectral-conditioning, or to provide a 

vM^mc^ed^ightebraTO^ ^nsfeting^essentially; of av selected spectral output and a 
selected wavelength depended intensity distribution. In case 1 in BG;j f light 
from a xenon light source is reflected off a reflective pixelated SLM wherein all the 
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mirrors are in the ? 6n D state; and thus the output light is substantially identical to 
the input light In case 2, the light from the xenon light source is reflected^ off a 
reflective pixelated SLM wherein the on/off pattern of the pixels is set to 
substantially mimic a spectral output of a white Cathode Ray Tube (CRT) display 
5 monitor. A<xioftiirigly> the output light of the system is also substantially identical 
to the white CRT pattern^ As noted elsewhere herein, alternative patterns can be 
provided in rapid and simple form as desired. 

[57] Turning to some of the methods, and as discussed elsewhere herein, the 
methods include lighting a scene by directing a light beam along a light path 

10 through a specthlm former, and then reflecting the spectrum off a reflective 
pixelated SLM wherein the reflected light is reflected in a first reflected light path 
or in at least one second reflected light path that is not back to the spectrum 
former. This provides a modified light beam comprising a selected spectral output 
and a sislectediwaveleilgth dependa nt intensity distribution. 

15 [58] The^methc^s iran further (»m emitting the light beam from a desired 
light source and switching the modified light beam between one or morereflected 
ligM paths; The" modified light beam can be passed by a second spatial light 
modulator, preferably reflected off a second reflective pixelated spatial light 
rnddulatoifetD provide a substantially improved modified light beam; Thetmethods 

20 can ati^^ passing the light beamtby a variety of alternate optical 

etem^rit^ ^ as fe<^s^d hereim suchi as Cdllimatihg lenses^ collimating mirrors, 
^ dii^rofoifi^^ The methodstftirther 

4 known illumination* scenario is encoded 

^ in ' eGmputeNrhplemerited programmir^g, aridathenutheti computenimplemented 

25 programming^ 

provide the desired -i illumination: o The programming can ^ control both the 
wavelengths that are provided and>t^ 

precise control of both color, and intensity, sometimes referred to as grayscale, 
tot the various cenrnponents ^of ^enllluminatfo can be applied m 

30 lightingisystesHS^ 

of other devtees^ such ais^lightingv systems or in> movie 

v; piibjeMDforSli \ -' ■ .;?>■; 'v - -^-y. 
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[59) Turning to som additional general discussion, since the light has been 
spectrally dispersed across the reflective pixelated SIM, selectively turning on or 
off individual mirror elements can selectively reflect only one narrow wavelength 
of light from the light dispersive element, such as only a pure green line of light in 
5 a typical linear spectrum. Non-linear spectra can also be used; if desired, the 
entirety or any desired portion of the light can be transmitted to a detector, which 
detector can then determine the wavelength striking the various detection 
elements of the detector* and then provide feedback to the reflective pixelated 
SIM so that only desired pixels are turned on, which set of pixels can be as 
10 complex a shape as desired or needed. By varying the duty cycle of certain 
mirrors in the group to be turned on or off; virtually any spectra of light 

can be created. 

[60] The color control system or detector cari include a color responsive 
feedback element such as a photodiode array or other suitable transducer; that is 
15 placed in the p^ 

SLM and near td^the f^^ive pixelated SLM image. The color control system 
can measure beam c»lor distribution of the lam color selection. 

The color control system may be-placed such that ft samples either a portion of 
the:t?eam that does not strike reflective pixeliaited SLM. In one/ embodiment 
20 the measurement element c^ path of the light that is not 

fpropagated towarrt thevpro^ 
< ^ can^select light tot bef:pi©F®gated to thermeasuremerit-device ^response to 
^ back signal*? to the controller of the 

^tWeetim and aging among 

[61] While refletfive^ 

have ai signal to nbiro ratio df-abdut 1000:1, this may hot be> sufficient for some 
i K applications. In some embodiments a second reflective pixelated SLM element 
5 can added to^^ 

3Qi sSfcM; is directedqtb-a secxmdc ^ec^ pixelated SLM. Mirrors on the second 
&i wfflective <p^ selected light direct ifeto the collet 

optieakpath: <The^ the "ofT position^ furtherattenuating the 
out of band lighte While «he-desired /output light will be further attenuated by a 
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percentage of about 10-90%, the out of band light be attenuated by a^ further 
factor of 1 000, which results in a net increas of the signal to noise ratio. 
[62] A lamp is a one type of light source that produces optical energy in the 
form of light by conversion of electrical or chemical energy. Common types of 
5 lamps are tungsten filament lamps (Osram-Sylvania) and Quartz-Tungsten- 
Halogen (QTH) lamps (Gilway Technical Lamp)- Preferred sources of illumination 
have a broad range of energy that is relatively evenly distributed in the visible 
spectrum. A preferred lamp is a short arc xenon lamp with integral reflector such 
as the Cermax lamp produced by Perkin Elmer. The invention may employ any 
10 type of light emitting object as a light .source, providing it encompasses all the 
wavelengths desired after spectral conditioning. 

[63] The output of the lamp can focused, spatially mixed, imaged, collimated, 
spectrally recombined, and projected. The focusing, collimating, spatial mixing, 
spectrally recombined, or imaging elemen be lenses^ mirrors or other 

15 elements as desired, and ran be placed be^ 

wavelength dispersive element oryelsewhere irr the optical path as desired in view 
of the present disclosure^ The wavelength dispersive element spatially disperses 
the light from the lamp according to energy - or wavelength, Ligh^m 
recombining systems can pomprise 3 Lambeffiaiti diffuser such as a ground or 

20x etched glass. Larnbertian dHfasers^ma^ b^ transmissive or reflective^ and are 
: available frprn ^ c^panies f such ias > MellesMGript or Labsphere; Lightsmixing or 
^recombining systems can also comprise a directional light diffuser, which is a 
diffusing element th^scatters light inKavdireeti^ 

propagates in a desiredidirBCtfon from the diffuser, Oneexample of a directional 
25 light diffuser is a holographic diffuser. A holographic diffuser is a structured 
^ optical element crests ^ beam of 

light Hotographic ><rffusersi can be? designed- to achieve specific fon^ard 
; scattering an^es of flight u Holograph^ available from^ companies 



: u^ehj as* Physical Optic&vCto^ systems can also 

30: oeomprilseia ler^te* arrays A lei^ multiple? number of lenses 

.~<. molded or otherwise fornied ini^n optical ^element in is 
/•ti dosety; paekedJtogether^ The array of lensies may be ^rectangular or hexagonal, 
v fractal or another periodic, arrangement of lenses thatcauses^a beam of light to 
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be directed in a way that spatially homogenizes the light enetgies in the. beam. 
Anothersuitable light mixing system can comprise a light pipe, which can be 
rectangular in cross-section and may be tapered or not in th direction of light 
propagation. The light pipe can be made of a transmissiye material such as an 
5 optical glass with a refractive index that differs from the medium in wbicifcthe light 
pipe is placed, such as air or water, such that total internal reflection of the 
desired wavelengths occurs. Alternatively, the light pipe can have a box-like 
arrangement of mirrors open at opposite ends that allows light to propagate by 
reflection from the mirrored surface along the axis of the box. Light pipes are 
10 typically employed in devices such as digital image projectors. The various 
elements can also be combined, for example a holographic diffuses and>light pipe, 
i orattenstet array and light pipe* The light pipe may have the difruser or lerislet 
jarray embossed, molded, etched, or cemented on one end of it 
>[64] The light path(s) can comprisetransmission via an opticaiflber- or optical 
15 fiber bundle or other desired light guide. A "light guide" is a device wellr known in 
the art, typically flexible, that comprises an outer layer and a light transmissive 
core that carries light from one location to another, such as an optical fiber, liquid 
light guide or hollow reflective light guide. The outer layer can comprise the outer 
surface of the same material that makes up the core or can be a separate or 
20 additional material. A light guide typically also comprises a substantially non-light 
transmissive cladding. A "light guide bundle" is a plurality of such light guides 
combined into a single strand, and can comprise a binder or filler material 
between the individual light guides of the bundle. Such cladding and filler, as well 
as anything else that may be disposed between the light guide cores of a light 
25 guide bundle, can be referred to as an inter-core area. 

The ability to precisely select wavelengths for illumination is also useful for 
diagnosing and treating clinical conditions in humans or animals. Light with an 
action spectrum that activates a drug used for photodynamic therapy can be 
selected with high precision and may be used in place of some costly light 
30 sources such as lasers for some applications. The ability to switch between 
various wavelengths and to precisely control the amount of light delivered enables 
a wide range of treatments from a single source. 
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for enhancing the contrast of a desired object in a seene. Such a light source can 
be used to enhance the detection of an object by direct human visuab inspection, 
or by using an 5 imaging" device such< as a^ camera; Ught with a spectrum that 
5 enhances contrast may be usedi in military applications to improve contrast 
between enemy camouflage and background, or to assist in identifying fnend and 
foe; It could also be used to enhance detection of survivors for air^sea rescue, 
discrimination between types of vegetation, or other objects of interest 

1 o [66] From the foregping, it will bo- appreciated that; although specific 
embodiments of the invention have been described herein for purposes of 
1 Hlustratie^, various modifications may be made without deviating fromMthe spirit 
and scope of the ^invention; ^ A the invention includes such 

^odifirations >ia& well as all permutations and combinations of the subject matter 

15 set forth* herein and^is not limited except as by the appended claims. 
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vWhat isi daimed is: , 

1 . A lighting system that provides a variable selected spectral output and 
a variable wavelength dependent intensity distribution, the lighting system 
comprising a light path that comprises: 
5 a) a^spectrum former able to provide a spectrum from a light beam 

traveling along the light path, and 

b) a reflective pixelated spatial light modulator located downstream from 
and optically connected to the spectrum former, the reflective pixelated spatial light 
modulator reflecting substantially all light impinging rt>n the reflective pixelated 
10 spatial light modulator and switchable between at least first and second reflected 
light paths that do not reflect back to the spectrum form 

wherein the reflective pixelated spatial light modulator is operably connected 
to at least one controller containing computer-implemented programming that 
controls an on/off pattern of pixels in the reflective pixelated spatial light modulator 
15 td reflect a desire* segment of l^ reflected light path and 

reflec* other light ^ to 
the spectrum former, the desired segment of light consisting essentially of a 
desired selected spectral output and a desired wavelength dependent intensity 
:-distributionip;;^^-(.ra'' ; 

20 -Viflt^ s Thelighting system of ^aim 1 wherbimthe system further comprises a 
tighten spectrum former 

comprises at least one of a prism and a diffractionVgFating. ; ; ^ v; 

• . 3:e ^i^Kbo lighting system of tdaim aiv wherein the spectrum former 
^ ^mprise^a^riable wavelength optical filtefr ^ n ^ 
25 ; : ^bei- lighting system bf ^cfeirh 1: wherein the - spectrum former 
comprises a mosaic optical filter. 

5. The lighting system of any one o system 
^ does nott comprise an optical Element betweert -tfie spectrum foiTrter arid the 
reflective pbc^at^^sjjatial light modi^ator that provides a substantially enhanced 
30^- image ofctftSvsjfe^ spatial 

m^igm^ system of any one> claims 1 to** wherein the system 
further comprises an optical element between the spectrum former and the 
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reflective pixelated spatial light modulator that provides a substantially enhanced 
image of the spectrum from the spectrum fonrier to the reflective pixelated spatial 
light modulator 

7. The lighting system of any one of claims 1 to 6 wherein the reflective 
5 pixelated spatial light modulator is a first reflective pixelated spatial light modulator, 

and wherein the desired segment of light is directed to a; second reflective spatial 
light modulator operably connected to at least one confroller containing computer- 
implemented programming that controls an on/off pattern of pixels in the second 
reflective pixelated spatial light modulator to reflect the desired segment otilight in 
10 one direction and reflect other light in the spe<rfram in at least one otheivdirectiqn. 

8. The lighting system of claim? 7 :^ereihrtha first reflective pixelated 
spatial light modulator and the- second ^reflective pixelated- spatial light modulator 

. <; are connected tola single controller* ■, v ^..-a. r% *-r, .,■ 

9. The lighting system of any one of daims 1 to^ 

15 further comprises an optical projection device? located downstream from the first, 
reflective pixelated spatial light modulator to project light out ofe the lighting? system 
as a directed light beam. 

10. The lighting system of any one o^ 

segment of light is selected to substantially mimic a spectral output and a 
20 wavelength dependent intens^/disWbution r of atalea^ ones 6f a known lamp, a 
rathod^ ray to 

firelight, candlelight, and sunlight i- o u o >^ o v ' j 

■ .,nMv\- . The lighting system iof any one* of dairasif to ^wherein the desired 
segment is selected to substantially t to)^ i a^spedral output and a. wavelength 
2& (dependent intensity distribution of output energy corresponding to a desired natural 
ambient lighting scenario. v ; > , 

12. ,., The lighting system of qny pne of claims! 1 .to^wherein the desired 
segment is selected to substantially mirpic *a?. spectral output andt a i wayelength 
3c depencJentjntensity distributto 
30; ; l aH3. T^ilighting 

segment is selected to substantially mimic a spectral output andtra wavelength 
; dependent intensity distribution pfcoutput ^nergyjfor ^hemodynamic therapy. 
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14. The lighting system of anyrone oftlaims 1 to>9 wherein, the desired 
segment is selected to substantially mimic a spectral output and a wavelength 
dependent intensity? distribution of output energy for disease diagnosis. 

15. The lighting system of anyfone of daims .1 ;to 9 wherein the desired 
segment is selected to substantially mimic a spectral output and a wavelength 
dependent intensity ^distribution of output energy that can enhance contrast for 
detection or discrimination of a desired object in a scene. 

1 6. The lighting system of. any one of claims 1 to 1 5 wherein the reflective 
pixelated spatialflight modulator is a digital micromirror device. 

17. A lighting system that provides a variable selected spectral* output and 
wavelength dependent intensity distribution, the' lighting system comprising a light 
path that comprises: : v/ :,! .:..••..•.;,•:•. - 

a spectrum former able to provide a spectrum from a light beam 
traveling along the light path* and 

b) a pixelatedi spatial light mo^ 
optically connected to the spectrum former, 

wherein the pixelated spatial light modulator is operably connected to at 
least one ^controller containing computer-implemented programming that controls 
the onfoff .pattern of pixels in the pixelated 'spatiaK light! 'modulator to; reflect a 
20 . desired ; segment of flight imthe speetturn in one direction and reflect other light in 
toesspefc^ 

essentially!:) of * a ^ desired* selected^ 

dependent>intensity distribution,;' and>i wherelnothe«systenV<does not comprise an 
«n fopi&^lnetomeT^^ spatial light 

25 • rnodulator'ffllafcprd^ spectrum from the spectrum 

: tormer tothe pixelated spatial light modulator. . o '--v. * ^ 

1 8. The ltebtii%<system>of clalrw t 7 whereinithe system further comprises 
'a'lfghtfsoorceto^ the spectrum former 

^*^riiprise^ prisma b~ {-,•>!• - 

^■19i/i^^^ ipixeiated spatial 

»%M*ntoito^ 

jcbnrrectett>-!nto > at oieasttetsae controlled contaihing» computeNfriplemented 
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programming that controls the on/off pattern of pixelsi in the second pixelated 
; . spatial light modulator to reflect a desired segment of light in one direction and 
deflect otherr light in the spectrum in at least one other direction. 

20. vThe lighting system of any one of ^ the system 

Sn further comprises an optical projection device located downstream fromi-at least 
one of the first pixelated^spatial I jght modulators andt the second pixelated spatial 
light modulator to project light as a directed light beam. 

r ;:24if. : . A stand alone luminaire sized to project light onto a scene and having 
a variable selected spectral output andwayelength dependent intensity distribution, 
1 0 the luminair? comprising: ' 

a) , :• a high output light source, 

b) a spectrum former optically connected to and downstream f frojon the 
light source to provide a spectrum from a; light beam emitted from the light source, 

c) an optical element connected to and downstream 
15 former that^ 

d) a reflective pixelated spatial light modulator located downstream fro 
andoptically, connected to the spectmm former the ireflejstiyejpbcelated spatial light 
mqcfcilat^r ireflegting isubstanttaljy^all light impinging* on the^ reflective pixelated 
spatial Ijgt^rn^ at least first and- second reflected 

2Q ddighfep^ttefetthatrdo not reflect back to Jb^ spectrum f6f#m> )^ 

ns ^p^fein$^ reft^ 

■m&r offjlj^it 1R3 fir?t reflected^ 

bac^tothe^spectmn^feip 
desired segment of light consistingjes^ntially^of^aide^iiiedf sel^ed^sp^trahputput 

pixelated spatial light modulator in tha fir^dire€^ 
30 projecte^he desired segment as a directed light beam to illuminate the scene. 

bsttt&u **> & furttae&cxjmprises a 

; v i^^rt^ pi>£l#eda spatial light 

t zm operably connectedeto a controller containing 
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computer-implemented programming able to determine from the detector whether 
the desired segment contains a desired selected spectral output and a desired 
wavelength dependent intensity distribution/ and adjust the on/off pattern of pixels 
in the pixelated spatial light modulator to improve the correspondence between the 
5 desired segment and the desired selected spectral output and the desired 
wavelength dependent intensity distribution. 

23. The luminaire of daim 21 wherein the luminaire further comprises a 
heat removal element operably connected to the light source to remove undesired 
energy emitted from the light source toward at least one of the reflective pixelated 

10 spatial light modulator, the optical element, arid the spectrum former . 

24. The luminaire of claim 23 Wherein the reflective pixelated spatial light 
modulator is a digital micrbmirror device: 

25. The luminaire of any one of claims 21 to 24 wherein the pixelated 
spatial light modulator is a first pixelated spatial light modulator, and wherein the 

15 desired segment of light is directed to a second spatial light modulator operably 
connected to at least one controller containing computer-implemented 
programming that controls an on/off pattern of pixels in the second pixelated spatial 
light modulator to provide an improved desired selected spectral output andidesired 
wavelength dependent intensity distribution in the desired segment of light 

20k J y 26; The luminaire of any one of claims 21>;to^ 25 wherein tho desired 
selected spectral output and desired wavelength dependent intensify distribution 
substerttially mimic a desired portion of a wavelength dependent distribution of 
' '^output energy of at least' one of a known lamp, a cathod&ray tube image display 
device, a light emissive image display device and a source of optical mdteffih, 

,25'v $k 27i The luminaire of any one of claims 21 to 25 wherein the desired 
selected spectral output and desired wavelength dependent 'intensity distribution 
substantially mimic a desired wavelength dependent drstribution of output energy 
corresponding to a desired natural ambient lighting scenario. 

28. The luminaire of any one of claims 21 to 25 wherein the desired 

30 sele^d^pectral Output and desired wavelength dependent Intensity distribution 
substantially mimic a desired wavelength dependent distribution of Output' energy 
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29. The luminaire of Lany one of daims 21 to 25 wherein the desired 
selected spectra) output and desired wavelength dependent intensity dis^ 
substantially mimic a desired wavelength dependent distribution of output energy 
for photodynamic therapy; 
5 , 30. The luminaire of any one of claims 21 to 25 wherein the desired 

selected spectral output and desired wavelength dependent intensity distribution 
substantially mimic a desired wavelength dependent distribution of output energy 
for disease diagnosis. > r: 

31. The Juminaire of any one of claims 21 to 25 wherein, the desired 
10 segment is selected sub^ntiajfy mimic a spectral output and a wavelength 

dependent intensity di^bu^ for 
detection or discrimination of a desired object in a scene. , r , 

32. . The luminals of any one of claims 22 to 31 \yherein the heat removal 
element is locate (betw^n ^a and the first spatial light modulator. 

15 33 ; The luminaire of any.one o 31 wherein the heat removal ? 

element isf lopated between^the lamp and the spectrum former. 

, !34i The luminaire of any one; of claims 22 to 33 wherein the heat removal 
element comprises a dichrpte mirror. 

r :35. ? The luminaire of any one of claims 22 to 34 wherein the heat removal 
20?; , element cprppilse^ a diehrpie roirrpr that transmits desired wavelengths and reflects 
--, v uiiidesireid^wav^length^ - , vt > -, 

v ^eleinentic^m 

undegired wavelengths?.) $ ^r : \v ; ; r o^.L;;;^^:;./w ; ■ ^..h :U*\, 

25- m-ao- ; L<: ':j 37^ s #he luminaire iof iclaim, 2? to: 36 wherein the undesired energy is 
. directed to an energy aj^rbin^ radiator, 
v- . ; 38. The one of claims ,21 to ^vAwem the system 

further comprises a ^p^q^Jiii^mbiner^ optically h , connect^ ;i^, and^ located 
i ^downstream fronts ^^ip^elated^spatiaMight modulator. 
Otter** H-.-.u 39.r ^ Ther to 

40. The luminaire of claim 38 wherein the spectral recom 
a holographic optical diffusing element. 
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41 1 The luminaire* of claim 38 wherein the spisctral recbmbiner comprises 
" an operable combination of a light pipe and at least one of a lerislet array and a 
holographic optical diffusing element 

42. The luminaire of any one of claims 21 to 42 wherein the detector is 
5 located in the at least one ottfer direction. 

43. The luminaire of any one of claims 21 to 42 wherein the detector 
comprises at least one of a CCD, a CID, a CMOS, and photodiode array. 

44. The luminaire of any one of claims 21 to 45 wherein the high output 
light source, the isp^trum former, the optical element that provides an enhanced 

10 images the pixelated spatial light modulator, and the projection system, are all 
located in a single housing. 

- 45; A method of lighting a scene comprising: 

a) directing a light beam along ^a light path and through a spectrum 
former to iprovide a spectrum from^ t^^^^ bfeam traveling; 

15 " /r ^ b): reflecting :the spe^ 

that is operably connected to at least one controller containing computer- 
implemented programming that controls an on/off pattern of pixels in the reflective 
pixelated spatial light modulator, wherein the reflecting comprises reflecting a 
desired segment s lig^ not 

20%bgte^ on 

the reflective pixelated spatial light modulator in at least one second reflected light 
pSth rth^ provide a modified light beam 

f ;£direi^ a selected wavelength 

25 46. The method of claim 45 wherein the method further comprises 

emitting the light beam from a same housing as and 

-upstream from the spfecthim te spectrum fomier comprises at 

least one of dprisi^ grating: 

, 47. vTrte or 46 wherein tho>method further comprises 

30 rn^wit^ reflected light path arid the 

secondjrefl^ct^ 

48. The method of any one of claims 45 to 47 wherein the method further 
comprises passing the light beam by an optical element between the spectrum 
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former and the reflective pixelated spatial light modulator to provide a substantially 
enhanced image- of the , spectrum from the spectrum former to th reflective 
pixelated spatial light modulator. 

49. The method of any one of claims 45 to 48 wherein the reflective 
5 pixelated spatial light modulator is a first reflective pixelated; spatial light modulator, 

and wherein the method further comprises reflecting the modified light beam off a 
second reflective spatial light modulator operably connected to at least one 
controller containing computer-implemented programme an on/off 

pattern of pixels in the second reflective pixelated spatial light modulator to reflect 
10 the desired segment of light in one direction and.deflect other light in the spectrum 
in at least one other direction. 

50. The method of any one of claims 45 to 49 wherein the method further 
comprises passing the modified light beam by an optical projection device located 
downstream from at least one of the first reflective pixelated spatial light modulator 

15 and the second creflective pixels project light as a 

directed light beam; yi 

51 • r The method of any one of claims 45 to 50 wherein the desired 
segment is selected to substantially mimic a spectral output and a wavelength 
v deperKlent intensity distribution of at least one of a known lamp- a cathode ray tube 
20 u i image display device, a light emissiveJmage display device and a source of optical 
•••igH •radiafloni;nin;vj!^. . • : -;u. : Ay: . ^>;-^.: v .- ../-.v. - - .J-\v 

tiigif ^HFihe method pf any one of clai^^ ^wheieii^tthe^^ desired 

: n^g^nteissseleeted»to = substantially mimic a: spectral output and a wavelength 
dependent intensity distribution of output energy corresponding to a desired natural 

^ ; 53^ The method of any one of t plaiijisc 45 to; 5^ wherein the desired 
segrnent is; selected to substantially mimic a spectral*,output and a wavelength 
dependent intensity distribution of output energy for disease treatment y , 
; r - > jThe^ method- of>any one of daims 45 to 50 wherein the desired 
30 segment selected! toy3^ 

dependent intensity distribution of output energy for photodynamic therapy. 
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55. The method of any one of claims 45 to 50 wherein the desired 
segment is selected to substantially mimic a spectral output and a wavelength 
dependent intensity distribution of output energy for disease diagnosis 

56. The method of any one of claims 45 to 55 wherein the reflective 
5 pixelated spatial light modulator is a digital micromirror device. 

57. A method of lighting a scene comprising: 

a) directing a light beam along a light path and through a spectrum 
former to provide a spectrum from the light beam traveling; and, 

b) passing the spectrum via a pixelated spatial light modulator located 
10 downstream from and optically connected to the spectrum former, the pixelated 

spatial light modulator operably connected to at least one controller containing 
computeMmplemented programming that controls an on/off pattern of pixels in the 
pixelated spatial light modulator, wherein the on/off pattern is set to pass a desired 
segment of light in the spectrum in one direction and interrupt other light in the 

15 spectrum in at least one other direction, to provide a modified light beam consisting 
essentially of a selected spectral output and a selected wavelength dependent 
intensity distribution, and wherein the method does not comprise passing the 
spectrum by an optical element between the spectnjm former and the pixelated 
spatial light fTK^Iator that provides an enhanced image of the spectrum from the 

20 spectrum former to the pixelated spatial light modulator. 

58. The method of claim 57 wherein the method further comprises 
emftUng 'the^light beam- from a light source located in a> same housing as and 
upstream from the spectrum former, and whereln'tae spectrum former comprises at 

25 59. « The f method of claim 57^ or 58 wherein the pixelated spatial light 

modulator is a first pixelated spatial light modulator, and wherein light reflected 
from the first pixelated spatial light modulator is directed to a second pixelated 
spatial light modulator operably connected to at least one controller containing 
compufoWmplemehted programming that a>ntrols the on/off pattern of pixels in the 

30 second pixeTated. spatial light modulator to reflect the desired segment of light in 
one-directioh^nd'deflect other light in the s least one other direction. 

60; ;The method of any one of claims 57 to 59 wherein the method further 
comprises an optical- projectfon de\«ce located downstream front at least one of the 
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first pixelated spatial light modulator and the second pixelated spatial light 
modulator to project light as a directed light beam. 

61 . A method of emitting modified light consisting essentially of a desired 
selected spectral output and a desired wavelength dependent intensity distribution 
5 from a stand alone luminaire, the method comprising: 

a) emitting light from a high output light source located in a housing of 
the luminaire; 

b) passing the light by a spectrum former optically connected to and 
downstream from the light source to provide a spectrum from a light beam emitted 

10 from the light source; 

c) passing the spectrum by an optical element connected to and 
downstream from the spectrum former to provide an enhanced image of the 
spectrum; 

d) reflecting the spectrum off a reflective pixelated spatial light^ 

15 v that is pperably^ connected; to at least one r ^ntrpller conte ; 
implemented programming that controls an on/off pattem of pixels in the reflective 
pixelated spatial light modulator, wherein the reflecting comprises reflecting a 
: desired segment of light in the spectrum in a first reflected light path that v is not 
baeck>t9 the^specttum former an4 reflecting sub^ntiall^all e^erjight impinging on 

20 the reflective pixelated* spatial light m^ 

path thatriss npkbapk to; the, spectrum former.f to provide a modified light beam 
consisting essentially of ^selected « spestrak output andi a selected wavelength 

e) passing the modifiedtf ligtrtnbeamf by^a> prpjection system optically 
2§ f c^nn^^ light modulator 

in,th0fire^^^ 
ftpmtha 

, .. 62. v The i method of claim . dty^er^n-^ method further comprises 
ii reflecting the* desired, segments pf> liglrt,ta! avxtetectq^ and 
3Q ; dc^stoarn ffqmc, the ; reflecfive pixefet^ spatiah light mpdulator, the detector 

^•jwh^^ ab,e to 

■ determin jfnpm.th ^defector whether the desired segment contains the desired 
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selected spectral output and the desired wavelength dependent intensity 
distribution, and therefrom determining whether the first segment contains the 
desired selected spectral output and the desired wavelength dependent intensity 
distribution. 

5 63. The method of claim 62 wherein the method further comprises 

adjusting the on/off pattern of pixels in the reflective pixelated. spatial light 
modulator to improve the correspondence between the desired segment and the 
desired selected spectral output and the desired wavelength dependent intensity 
distribution. 

1 0 64. The method of any one of claims 61 to 63 wherein the method further 

comprises removing undesired energy emitted from the light source toward at least 
one of the reflective pixelated spatial light modulator, tha optical element, and the 
i spectrum former, the removing effected via a heat removal element operably 
connected to the light source: 

15 65. The method of any one of claims 61 to 64 wherein the reflective 

pixelated spatial light modulator is a first reflective pixilated spatial light modulator, 
and wherein ; the desired segment is directed to a second spatial light modulator 
operably connected to at least one controller containing computer-implemented 
programming ttetrcontrols an on/off pattern of pixels in ^the second reflective 

20> pkelat^ an improved^desired selected Spectral 

output and desired wavelength^perrcfent! intensity distribution; 

66. The method of any one of claims 61 to 65 wherein the desired 
selected spectral output and desired wavelength dependent intensity distribution 
substantially mimic a desired portion of a wavelength dependent distribution of 

25 output energy of at least one of a known lamp, a cathode ray tube image display 
device, a light emissive image display device and a source of optical radiation. 

67. The method of any one of claims 61 to 65 wherein the desired 
selected spectral output and desired wavelength dependent intensity distribution 
substantially mimic a desired wavelength dependent distribution of output energy 

30 corresponding to a desired natural ambient lighting scenario. 

68. The method of any one of claims 61 to 65 wherein the desired 
selected spectral output and desired wavelength dependent intensity distribution 
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substantially mimic a desired wavelength dependent distribution of output energy 
for disease treatment. 

69. The method of any one of claims 61 to 65 wherein the desired 
selected spectral output and desired wavelength dependent intensity distribution 

5 substantially mimic a desired wavelength dependent distribution of output energy 
for photodynamic therapy. 

70. The method of any one of claims 61 to 65 wherein the desired 
selected spectral output and desired wavelength dependent intensity distribution 
substantially mimic a desired wavelength dependent distribution of output energy 

10 for disease diagnosis. 

71. The metbcKl of any one of claims 6t the heat removal 
element is located between the lampand the first spatial light modulator. 

• 72. 3 The method of any one of claims 61 to 70 wherein the heat removal 
element is located between the lamp and the spectrum former. 
15 / 73. The method of any one of claims 61 to Th wherein the heat removal 
element comprises a dichroic mirror. > 

;i 74. The method of -daim 61 to 73 wherein the undesired energy is 
directed to an energy absorbing surface and thermally conducted to a radiator. 
;;:;7j5^: : v: : The method; of any oneiof daimsf70 to 74 wherein the methpd further 
20 comprises a spectral recombiner optically connected to and located downstream 
from the reflective pixelated spatiaMight modulator. 
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CASE 1 - NO SPECTRAL CONDITIONING 



CASE 2 - SPECTRAL CONDITIONING TO 
SIMULATE OUTPUT LIGHT FROM A CRT 
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